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L7-: Entry 2 of 2 File: USPT Oct 17, 1995 



DOCUMENT- IDENTIFIER: US 5459078 A 

TITLE: Methods and reagents for performing ion-capture digoxiri assays 
Brief Summary Text (25) : 

Other assay methods involve the use of auxiliary specific binding members. Tanswell 
et al . (U.S. Pat. No. 4,624,930) describe a process for determining the presence of 
a polyvalent antigen by incubating the antigen with three receptors; a first and a 
third receptor which bind to the antigen and a second receptor, bound to a solid 
support, which specifically binds to the first receptor. Valkirs et al . (U.S. Pat. 
No. 4,727,019) describe a method and device for ligand-receptor assays, as in 
Tanswell et al . , wherein an anti -receptor (e.g., avidin) is immobilized on a porous 
member and binds to a receptor (e.g., an analyte-specif ic antibody bound to biotin) 
which is bound to the target ligand. Wolters et al . (U.S. Pat. No. 4,343,896) 
describe the use of ancillary specific binding members to prepare or complete 
detectable complexes, i.e., the use of a third antibody in a binding assay to 
complete a detectable analyte -binding member complex. W. Georghegan (U.S. Pat. No. 
4,880,751) describes a method for preparing an immunoadsorption matrix by t adsorbing 
the F(c) portion of a selected IgG molecule onto a charged surface. Parikh et al . 
(U.S. Pat. No. 4,298,685) describe the use of a conjugate of biotin and an anti- 
analyte antibody together with an inert support bearing immobilized avidin. The 
specific binding of the avidin and biotin components enables the immobilization of 
the antibody on the inert support. 

Brief Summary Text (42) : 

The term "specific binding member", as used herein, refers to a member of a 
specific binding pair, i.e., two different molecules where one of the molecules 
through chemical or physical means specifically binds to the second molecule . The 
complementary members of a specific binding pair may also be referred to as a 
ligand and a receptor. In addition to the well-known example of the antigen and 
antibody specific binding pair, alternative specific binding pairs are exemplified 
by the following: biotin and avidin, carbohydrates and lectins, complementary 
nucleotide sequences (including probe and capture nucleic acid sequences used in 
DNA hybridization assays to detect a target nucleic acid sequence) , complementary 
peptide sequences (including those formed by recombinant methods) , effector and 
receptor molecules, hormone and hormone binding protein, enzyme cof actors and 
enzymes, enzyme inhibitors and enzymes, and the like. Furthermore, specific binding 
pairs can include members that are analogs of the original specific binding member. 
For example, a derivative or fragment of the analyte (an analyte-analog) can be 
used so long as it has at least one epitope in common with the analyte. 
Immunoreactive specific binding members include antigens, haptens, antibodies, and 
complexes thereof including those formed by recombinant DNA methods or peptide 
synthesis. An antibody can be a monoclonal or polyclonal antibody, a chimeric 
antibody, a recombinant protein or a mixture (s) or fragment (s) thereof, as well as 
a mixture of an antibody and other specific binding members. The details of the 
preparation of such antibodies and their suitability for use as specific binding 
members are well-known to those skilled-in-the-art . 

Brief Summary Text (90) : 

In general, once complex formation occurs between the analyte and the assay 
reagents, the oppositely charged solid phase is used as a separation mechanism: the 
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homogeneous reaction mixture is contacted with- the solid phase, and the newly 
formed binding complexes are retained on the solid phase through the interaction of 
the opp osite ch arges of the solid phase and the capture reagent. If the user is not 
concerned with liquid phase kinetics, the capture reagent can be pre -immobilized on 
the solid phase to form a capture site. 

CLAIMS : 

1. A competitive assay; method for determining the presence or amount of digoxin in 
a test sample, comprising the sequential steps of: 

a) providing 

(i) a soluble capture reagent comprising a binding member conjugated through a 
single point of covalent attachment to a polymeric anion- having a net negative 
charge under specific binding assay conditions, wherein said binding member is 
selected from the group consisting of (1) an anti-digoxin antibody and (2) a 
binding member which specifically binds an ancillary antibody which specifically 
binds digoxin, 

(ii) an indicator reagent comprising (1) digoxin and a detectable label or (2) a 
digoxin analog and a detectable label, 

(iii) a solid phase material containing a reaction site comprising a polymeric 
cation having a net negative charge under specific binding assay conditions and 
having a nitrogen content of about two to about ten percent excluding counter ions, 
and 

(iv) when said soluble capture reagent comprises said binding member which 
specifically binds said ancillary antibody, further providing said ancillary 
antibody; 

b) contacting said solid phase with said capture reagent, said test sample, and 
said ancillary antibody when said capture reagent comprises said binding member 
which specifically binds said ancillary antibody, thereby forming (1) capture 
reagent /digoxin complex or (2) capture reagent/ancillary antibody/digoxin complex 
with any digoxin present in said test sample, and immobilizing both unreacted 
capture reagent and said complex comprising reacted capture reagent on said solid 
phase by ionic interaction of the oppositely charged polymeric anion and polymeric 
cation; 

c) contacting said solid phase with said indicator reagent to specifically bind 
said indicator reagent to said immobilized unreacted capture reagent in inverse 
proportion to the amount of said digoxin present in said test sample; and 

d) detecting said indicator reagent bound to said solid phase to determine the 
presence or amount of said digoxin in said test sample. 

12. A competitive assay method for determining the presence or amount of digoxin in 
a test sample, comprising the sequential steps of: 

a) providing 

(i) a soluble capture reagent comprising a binding member conjugated through a 
single point of covalent attachment to a polymeric anion having a net negative 
charge under specific binding assay conditions, wherein said binding member is 
selected from the group consisting of (1) an anti-digoxin antibody and (2) a 
binding member which specifically binds an ancillary antibody which specifically 
binds digoxin, 
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(ii) an indicator reagent comprising (1) digoxin and a detectable label or (2) a 
digoxin analog and a detectable label, 

(iii) a solid phase material containing a reaction site comprising a polymeric 
cation having a net negative charge under specific binding assay conditions and 
having a nitrogen content of about two to about ten percent excluding counter ions, 
and 

when said soluble capture reagent comprises said binding member which specifically 
binds said ancillary antibody, further providing said ancillary antibody; 

b) contacting said solid phase with said capture reagent, said indicator reagent 
said test sample, and said ancillary antibody when said capture reagent comprises 
said binding member which specifically binds said ancillary antibody, thereby 
forming (1) capture reagent/digoxin complex or (2) capture reagent/ancillary 
antibody/digoxin complex with any digoxin present in said test sample, and 
immobilizing both unreacted capture reagent and said complex comprising reacted 
capture reagent on said solid phase by ionic interaction of the oppositely charged 
polymeric anion and polymeric cation, and specifically binding said indicator 
reagent to said 

immobilized unreacted capture reagent in inverse proportion to the amount of said 
digoxin present in said test sample; and 

c) detecting bound or unbound indicator reagent to determine the presence or amount 
of said digoxin in said test sample. 

17. A sandwich assay method for determining the presence or amount of digoxin in a 
test sample, comprising the sequential steps of: 

a) providing 

(i) a soluble capture reagent, comprising (1) digoxin or a digoxin analog, 
conjugated through a single point of covalent attachment to (2) polymeric anion 
having a net negative charge under specific binding assay conditions, 

(ii) an indicator reagent, comprising a binding member and a detectable label, 
wherein said binding member is selected from the group consisting of (1) an anti- 
digoxin antibody and (2) a binding member which specifically binds an ancillary 
antibody which specifically binds digoxin, 

(iii) a solid phase material containing a reaction site comprising a polymeric 
cation having a net negative charge under specific binding assay conditions and 
having a nitrogen content of about two to about ten percent excluding counter ions, 
and 

(iv) when said indicator reagent comprises said binding member which specifically 
binds said ancillary antibody, further providing said ancillary antibody; 

b) contacting said capture reagent, said indicator reagent and said test sample, 
and said ancillary antibody when said indicator reagent comprises said binding 
member which specifically binds said ancillary antibody, thereby forming a mixture, 
and then incubating said mixture to form (1) capture reagent/ indicator reagent 
complex or (2) capture- reagent/ancillary antibody/ indicator reagent complex in 
inverse proportion to the amount of said digoxin present in said test sample, and 
contacting said mixture with said solid phase, whereby unreacted capture reagent 
and said complexes comprising capture reagent are immobilized on said solid phase 
by ionic interaction of the oppositely charged polymeric anion and polymeric 
cation; and 
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c) detecting indicator reagent (1) bound to the digoxin in the test sample or (2) 
indicator reagent bound to the digoxin or digoxin analog in said complex to 
determine the presence or amount of said digoxin in said test sample. 

20. An assay method for determining the presence or amount of digoxin in a test 
sample, comprising the sequential steps of: 

a) providing 

(1) a soluble capture reagent, comprising a first binding member selected from the 
group consisting of (1) an ant i -digoxin antibody and (2) a binding member which 
specifically binds an ancillary antibody which specifically binds digoxin, 
conjugated through a single point of covalent attachment to a first polymeric anion 
of the formula ##STR11## wherein n is about 10 to about 500; z is about 1 to about 
6; W is H . sup . + , Na.sup.+, K.sup.+, Li.sup.+, amine salts and derivatives thereof; 
and X provides said single point of covalent attachment and is an amine -reactive 
group or moiety, a thiol -reactive group or moiety, or a thiol group or moiety 
represented by --A--SH wherein A is a spacer arm; said first polymeric anion having 
a net negative charge under specific binding assay conditions, 

(ii) an indicator reagent, comprising (1) a second binding member which 
specifically binds to digoxin and (2) a detectable label, 

(iii) a non-specific binding blocker comprising a second unbound polymeric anion 
selected from the group consisting of dextran sulfate, heparin, carboxymethyl 
dextran, carboxymethyl cellulose, pentosan polysulfate, inositol hexasulfate, and 
Beta-cyclodextrin sulfate, 

(iv) a solid phase material containing a reaction. site comprising a polymeric 
cation having a net negative charge under specific binding assay conditions, 
wherein said non-specific binding blocker inhibits nonspecific binding to said 
indicator reagent to said solid phase, and 

(v) when said capture reagent comprises said binding member which specifically 
binds said ancillary antibody, further providing said ancillary antibody; 

b) sequentially or simultaneously contacting said solid phase, said capture 
reagent, said indicator reagent and said test sample, and said ancillary antibody 
when said capture reagent comprises said binding member which specifically binds 
said ancillary antibody, thereby (i) forming (1) capture reagent/digoxin complex or 

(2) capture reagent/ancillary antibody/ digoxin complexes with any digoxin present 
in said test sample; (ii) immobilizing both unreacted capture reagent and said 
complex comprising reacted capture reagent on said solid phase by ionic interaction 
of the oppositely charged said first polymeric anion and said polymeric cation; and 

(iii) specifically binding said indicator reagent to said immobilized complex 
comprising reacted capture reagent in proportion to the amount of the digoxin 
present in the sample; and 

c) detecting said indicator reagent bound to said solid phase to determine the 
presence or amount of said digoxin in said test sample. 

29. An assay method for determining the presence or amount of digoxin in a test 
sample, comprising the sequential steps of: 

a), providing 

(i) a soluble capture reagent, comprising a first binding member selected from the 
group consisting of (1) an anti-digoxin antibody and (2) a binding member which 
specifically binds an ancillary antibody which specifically binds digoxin, said 
first binding member conjugated through a single point of covalent attachment to a 
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first polymeric anion having a net negative charge under specific binding assay 
conditions, 

(ii) an indicator reagent, comprising (1) a second binding member which 
specifically binds to digoxin and (2) detectable label, and 

(iii) a solid phase material containing a reaction site comprising a polymeric 
cation having a net negative charge under specific binding assay conditions and 
having a nitrogen content of about two to about ten percent excluding counter ions, 
and 

(iv) when said capture reagent comprises said binding member which specifically 
binds said ancillary antibody, further providing said ancillary antibody; 

b) contacting said solid phase with said capture reagent, said test sample, and 
said ancillary antibody when said capture reagent comprises said binding member 
which specifically binds said ancillary antibody, thereby forming (1) capture 
reagent/digoxin complex or (2) capture reagent/ancillary antibody/digoxin complex 
with any digoxin present in said test sample, and immobilizing both unreacted 
capture reagent and said complex comprising reacted capture reagent on said solid 
phase by ionic interaction of the oppositely charged polymeric anion and polymeric 
cat ion, - 

c) contacting said solid phase with said indicator reagent to specifically bind 
said indicator reagent to said immobilized unreacted capture reagent or complexes 
comprising reacted capture reagent in direct proportion to the amount of said 
digoxin present in. said test sample; and 

d) detecting said indicator reagent bound to said solid phase to determine the 
presence or amount of said digoxin in said test sample. 
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AN 2000082918 EMBASE 

TI Microcalorimetric studies of interactions between proteins and hydrophobic 
ligands in hydrophobic interaction chromatography: Effects of 
ligand chain length, density and the amount of bound protein. 

AU Lin F.-Y.; Chen W.-Y.; Ruaan R.-C; Huang H.-M. 

CS W.-Y. Chen, Department of Chemical Engineering, National Central 

University, Chung-Li 320, Taiwan, Province of China. 

t313165@twncu865 .ncu.edu. tw 
SO Journal of Chromatography A, (2000) 872/1-2 (37-47) , 

Refs: 65 

ISSN: 0021-9673 CODEN: JCRAEY 
PUI S 0021-9673(99)01231-5 
CY Netherlands 
DT Journal; Article 
FS 029 Clinical Biochemistry 

LA English 
SL English 

AB Using isothermal titration calorimetry (ITC) , this investigation directly 
measured the adsorption enthalpies of proteins on various hydrophobic 
adsorbents . Various amounts of butyl and octyl groups were 
attached onto CM-"Sepharose to form C4 and C8 f two types of 
hydrophobic adsorbents. The adsorption enthalpies of both trypsinogen ^ and 
.alpha.- chymotrypsinogen A were measured at 4.0 M NaCl and pH 10.0, in 
. which most ionic interaction was suppressed. The 

adsorption isotherms of both . proteins on various adsorbents were also, 
measured, thus allowing us to calculate the Gibbs free energy and entropy 
of adsorption. Experimental results indicated that the adsorption of both 
proteins on butyl -containing adsorbents was exothermic, while their 
adsorption on octyl ones was endothermic. In addition, binding of both 
proteins with the butyl ligand is basically an adsorption 
process, while binding with the octyl ligand is adsorptiqn and 
partition processes. Moreover, on both butyl or octyl, the adsorption 
enthalpy became increasingly positive as the ligand density 
increased, while the adsorption entropy became more positive as the alkyl 
chain length or density of the adsorbent increased. In addition, ITC was 
used to measure protein-protein interaction. The adsorption enthalpy of 
both proteins increased as the amount of bound protein increased, and the 
enthalpy increase of trypsinogen appeared to be higher than that of 
.alpha. -chymotrypsinogen A. This observation implies that protein-protein 
repulsion was stronger among trypsinogen molecules in the experiments. (C) 
2000 Elsevier Science B.V. 

TI Microcalorimetric studies of interactions between proteins and hydrophobic 
ligands in hydrophobic interaction chromatography: Effects of 
ligand chain length, density and the amount of bound protein. 

AB investigation directly measured the adsorption enthalpies of 

proteins on various hydrophobic adsorbents. Various amounts of butyl and 



octyl groups were attached onto CM-Sepharose to form C4 and C8, 
two types of hydrophobic adsorbents. The adsorption enthalpies of both 
trypsinogen and .alpha.- chymotrypsinogen A were measured at 4.0 M NaCl 
and pH 10.0, in which most ionic interaction was 

suppressed. The adsorption isotherms of both proteins on various 
adsorbents were also measured, thus allowing us to calculate the. 
adsorbents was exothermic, while their adsorption on octyl ones was 
endothermic. In addition, binding of both proteins with the butyl 
ligand is basically an adsorption process, while binding with the 
octyl ligand is adsorption and partition processes. Moreover, on 
both butyl or octyl, the adsorption enthalpy became increasingly positive 
as the ligand density increased, while the adsorption entropy 
became more positive as the alkyl chain length or density of the adsorbent 
increased. . 
CT Medical Descriptors: 
* chromatography 
♦molecular interaction 
microcalorimetry 
protein binding 
hydrophobicity 
adsorption 
enthalpy 
thermodynamics 
article 

priority journal 
*M protein 

* ligand 
chymotrypsinogen 
trypsinogen 
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TI Testing of the additivity-based protein sequence to reactivity algorithm. 
AU Qasim M.A.; Lu W.; Lu S.M.; Ranjbar M. ; Yi Z.; Chiang Y.-W.; Ryan K. ; 

Anderson S.; Zhang W.; Qasim S-; Laskowski Jr. M. 
CS M . Laskowski Jr., Department of Chemistry, Purdue University, Brown 

Building, 560 Oval Drive, West Lafayette, IN 47907-2038, United States. 

michael . laskowski . l@purdue . edu 
SO Biochemistry, (3 Jun 2003) 42/21 (6460-6466) . 

Refs: 28 

ISSN: 0006-2960 CODEN: BICHAW 
CY United States 
DT Journal; Article ^ 
FS 029 Clinical Biochemistry 

LA English 
SL English 

AB The standard free energies of association (or equilibrium constants) are 
predicted for 11 multiple variants of the turkey ovomucoid- third 
domain, a member of the Kazal family of protein inhibitors, each 
interacting with six selected enzymes. The equilibrium constants for 38 of 
66 possible interactions are strong enough to measure, and for these, the 
predicted and measured free energies are compared, thus providing an ^ 
additional test of the additivity-based sequence to reactivity algorithm. 
The test appears to be unbiased as the 11 variants were designed 
a decade ago to study furin inhibition and the specificity of furin 
differs greatly from the specificities of our six target enzymes. As the 
contact regions of these inhibitors are highly positive, nonadditivity was 
expected. Of the 11 variants, one does not satisfy the 
restriction that either P2 Thr or P(l) 1 Glu should be present and all 
three measurable results on it, as expected, are nonadditive. For the 
remaining 3 5 measurements, 22 are additive, 12 are partially additive, and 
only one is (slightly) nonadditive. These results are comparable to those 
obtained for a set of 398 equilibrium constants for natural variants of 
ovomucoid third domains. The expectation that clustering of charges ^ would 
be nonadditive is modified to the expectation that major nonadditivity 
will be observed only if the combining sites in both associating proteins 
involve large charge clusters of the opposite sign. It 
is also shown here that an analysis of a small variant set can be 
accomplished with a smaller subset, in this case 13 variants, rather than 
the whole set of 191 members used for the complete algorithm. 

AB The standard free energies of association (or equilibrium constants) are 
predicted for 11 multiple variants of the turkey ovomucoid third 
domain, a member of the Kazal family of protein inhibitors, each 
interacting withr . . thus providing an additional test of the 
additivity-based sequence to reactivity algorithm. The test appears to be 
unbiased as the 11 variants were designed a decade ago to study 
furin inhibition and the specificity of furin differs greatly from the 
specificities. . . of our six target enzymes. As the contact regions of 
these inhibitors are highly positive, nonadditivity was expected. Of the 
11 variants, one does not satisfy the restriction that either P2 
Thr or P(l) 1 Glu should be present and all three. . . to the 
expectation that major nonadditivity will be observed only if the 
combining sites in both associating proteins involve large charge 
clusters of the opposite sign. It is also shown here that an 
analysis of a small variant set can be accomplished with a smaller. 
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AB Parathyroid hormone (PTH) which increases osteoblast numbers and bone 
formation by activating bone-lining cells to osteoblasts plays an 
important role in calcium and phosphate homeostasis and bone remodeling by 
activating PTH receptors . To determine the structural origin of a minimum 
activity domain of hPTH, we initiated a detailed structural determination 
of the hPTH(H14.) in aqueous solution using NMR spectroscopy. Circular 
dichroism and NMR data demonstrated that hPTH(H14) maintains a typical 
helical conformation in both membrane -mimicking environments and 30% TFE 
solution. The solution structure clearly showed that the residues from 
Ser(3) to Leu (11) of hPTH(H14) formed a stable helical 
structure, especially having charged side-chains oriented in 
opposite directions relative to one another for optimum 
interaction with the receptor molecule. 

AB conformation in both membrane -mimicking environments and 30% TFE 

solution. The solution structure clearly showed that the residues from 
Ser{3) to Leu (11) of hPTH(H14) formed a stable helical 
structure, especially having charged side-chains oriented in 
opposite directions relative to one another for optimum 
interaction with the receptor molecule. 
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AB The chromophore transition dipole moment of light-adapted wild-type 
bacteriorhodopsin (WT-bR) in suspension is evaluated for pH range of 
2.8-12. Significant variations in the transition dipole moment are 
observed at the so-called pH(rev). The results have reported a value of 
11 and 8.5 Debye for chromophore transition dipole moment of the 
neutral purple and acid blue form of bacteriorhodopsin, respectively. 
There may be a correlation with the process of reversing the direction of 
the permanent electric dipole moment, due to the reversal of the surface 
charge asymmetry, of the purple membrane to its opposite 
side at that pH(rev) . 

AB Significant variations in the transition dipole moment are 

observed at the so-called pH(rev). The results have reported a value of 
11 and 8.5 Debye for chromophore transition dipole moment of the 
neutral purple and acid blue form of bacteriorhodopsin, respectively. 
There. . . with the process of reversing the direction of the permanent 
electric dipole moment, due to the reversal of the surface charge 
asymmetry, of the purple membrane to its opposite side at that 
pH(rev) . 
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AB Partly quaternized poly [thio-1- (N, N-diethyl -aminomethyl) ethylene] 

polycations (Q-P(TDAE) (x) ) interact electrostatically with the membrane of 
human red blood cells (RBC) and are highly toxic when given intravenously 
(i.v.). In order to study the influence of sialic acid negative charges on 
the hemagglutination and hemolysis induced by Q-P (TDAE) (11), RBC ^ 
were desialylated using neuraminidase. Desialylation had little influence 
on Q-P(TDAE) (11) -induced agglutination. It was concluded that 
this feature resulted from two opposite phenomena consecutive to 
the decrease of the negative charge of the cell membrane. The 
first was a decrease of electrostatic attraction between Q-P (TDAE) ( 
11) and RBC resulting in less aggregation. The second was 
reduction of electrostatic repulsions between RBC, which made RBC 
clustering relatively easier, thus counteracting the first effect. On the 
other hand, the hemolyzing effect of Q-P (TDAE) (11) on 
desialyated RBC was lower than that observed for native RBC in the 
presence of serum and plasma, whereas it was greater in a protein-free 
model medium. This study confirmed that electrostatic interactions between 
polyanionic RBC and polycations are one of the crucial determinants, but 
not the only one, for polycat ion- induced perturbations of RBC. Among these 
effects, massive hemagglutination is likely to be responsible for the 
embolism and the ensuing animal death previously observed soon after the 
i.v. administration of Q-P (TDAE) (12) solutions. 

AB intravenously (i.v.). In order to study the influence of sialic 

acid negative charges on the hemagglutination and hemolysis induced by 
Q-P (TDAE) (11), RBC were desialylated using neuraminidase. 
Desialylation had little influence on Q-P (TDAE) (11) -induced 
agglutination. It was concluded that this feature resulted from two 
opposite phenomena consecutive to the decrease of the negative 
charge of the cell membrane. The first was a decrease of" 
electrostatic attraction between Q-P (TDAE) (11) and RBC resulting 
in less aggregation. The second was reduction of electrostatic repulsions 
between RBC , which made RBC clustering relatively easier, thus 
counteracting the first effect. On the other hand, the hemolyzing effect 
of Q-P (TDAE) (11) on desialyated RBC was lower than that observed 
for native RBC in the presence of serum and plasma, whereas it. 
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AB Characterization of both the cis and trans -acting regulatory elements 

indicates that the Bacillus stearothermophilus trp operon is regulated by . 
an attenuation mechanism similar to that which controls the trp operon in 
Bacillus subtilis. Secondary structure predictions indicate that the 
leader region of the trp mRNA is capable of folding into terminator and 
ant i -terminator RNA structures. B. stearothermophilus also encodes an RNA 
binding protein with 77% sequence identity with the RNA-binding protein 
(TRAP) that regulates attenuation in B. subtilis. The X-ray structure of 
this protein has been determined in complex with L- tryptophan at 2 . 5 . ANG . 
resolution. Like the B . subtilis protein, B. stearothermophilus TRAP has 
11 subunits arranged in a ring-like structure. The central 
cavities in these two structures have different sizes and opposite 
charge distributions, and packing within the B. stearothermophilus 
TRAP crystal form does not generate the head-to-head dimers seen in the B. 
subtilis protein, suggesting that neither of these properties is 
functionally important. However, the mode of L-tryptophan binding andthe 
proposed RNA binding surfaces are similar, indicating that both proteins 
are activated by L-tryptophan and bind RNA in essentially the same way. As 
expected, the TRAP : RNA complex from B. stearothermophilus is significantly 
more thermostable than that from B. subtilis, with optimal binding 
occurring at 7 0. degree. C. 

AB ... has been determined in complex with L-tryptophan at 2.5 .ANG. 

resolution. Like the B. subtilis protein, B. stearothermophilus TRAP has 
11 subunits arranged in a ring-like structure. The central 
cavities in these two structures have different sizes and opposite 
charge distributions, and packing within the B. stearothermophilus 
TRAP crystal form does not generate the head-to-head dimers seen in the 
B. . 
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AB . The interaction between mAb A16 and glycoprotein D (gD) of herpes simplex 
virus type 1 was analyzed by studying the kinetics of binding with a 
surf ace-plasmon-resonance biosensor. mAb A16 belongs to group VII 
antibodies, which recognize residues 11-19 of gD . In a previous 
study, three critical residues, Aspl3, Argl6 and Phel7, of this epitope 
were identified by screening a phage display library that contained a 



random 15 -amino -acid insert with the antibody. The contribution to binding 
of these residues in the motif DXXRF was further analyzed by an 
amino-acid-replacement study of the epitope gD- (9-19) -peptide and of a 
gD- (9-19) -peptide mimotope, previously obtained by screening the phage 
display library. Amino acid residues of the motif were replaced by a 
neutral amino acid residue, an amino acid residue with opposite 
charge and a corresponding D-amino acid residue. Kinetic 
parameters of peptide analogues were determined with a surface 
plasmon-resonance biosensor. The kinetic parameters of the peptide 
analogues were compared with the kinetic parameters of the interaction 
between mAb A16 and the epitope gD- (9-19) -peptide . The minimal sizeof the 
go epitope for mAb A16 was also determined in this study. The kinetic 
constants of the resulting gD- (11-17) -peptide were found to be 
similar to those of entire go. The kinetic analysis precisely defined the 
epitope on go for mAb A16 to residues 11-17, identified Argl6 as 
an essential residue and suggested that Aspl3 and Phel7 are mainly 
involved in stabilization of the secondary structure of the peptide. 
AB ... by studying the kinetics of binding with a surf ace-plasmon- 
resonance biosensor. mAb A16 belongs to group VII antibodies, which 
recognize residues 11-19 of gD. In a previous study, three 

critical residues, Aspl3, Argl6 and Phel7, of this epitope were identified 
by screening a. . . library. Amino acid residues of the motif were 
replaced by a neutral amino acid residue, an amino acid residue with 
opposite charge and a corresponding D-amino acid 

residue. Kinetic parameters of peptide analogues were determined with a 
surface plasmon-resonance biosensor. The kinetic. . . size of ^ the go 
epitope for mAb A16 was also determined in this study. The kinetic 
constants of the resulting gD- (11-17 ) -peptide were found to be 
similar to those of entire go. The kinetic analysis precisely defined the 
epitope on go for mAb A16 to residues 11-17, identified Argl6 as 
an essential residue and suggested that Aspl3 and Phel7 are mainly 
involved in stabilization of the secondary. 
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AB The 42 kDa capsid protein of bacteriophage HK97 requires the GroEL and 
GroES chaperonin proteins of its Escherichia coli host to facilitate 
correct folding, both in vitro and in vitro. In the absence of GroES and 
ATP, denatured gp5 forms a stable complex with the 14 subunit GroEL 
molecule. We characterized the electrophoretic and biochemical properties 
of this complex. In electrophoresis on a native (nondenaturing) gel, the 
band of the gp5- GroEL complex shifts to a slower migrating position 
relative to uncomplexed GroEL. The results show that there is only one 
subunit of gp5 bound to each GroEL 14-mer and that the shift in band 
position is due primarily to a change in the overall charge of the complex 
relative to uncomplexed GroEL, and not to a change in size or shape. GroEL 
forms similar complexes with proteolytic fragments of gp5, with a series 
of sequence duplication derivatives of gp5, and with other proteins. 
Electrophoretic examination of these complexes shows that a band shift 



occurs with proteins larger than 31-33 kDa but not with smaller proteins. 
For those proteins that cause a band shift upon complex formation, the 
magnitude of the shift is correlated with the predicted negative charge on 
the protein; paradoxically, the direction of the band shift is 
opposite to what Is predicted if the charge of the 

complex were simply the sum of the charge of GroEL and the charge of the 
substrate protein. We suggest thai binding of a substrate protein to GroEL 
is accompanied by a net binding of solution cations to the complex, but 
only in the case of proteins above a minimum size of 31-33 kDa. The 
gp5 -GroEL complex is in an association/dissociation equilibrium, with a 
binding constant measured in the range of 11-17 .mu.M-1. 
AB . . . the shift is correlated with the predicted negative charge on the 
protein; paradoxically, the direction of the band shift is 
opposite to what is predicted if the charge of the - 

complex were simply the sum of the charge of GroEL and the charge of the 
substrate protein. We. . .of 31-33 kDa. The gp5 -GroEL complex is in an 
association/dissociation equilibrium, with a binding constant measured in 
the range of 11-17 ..mu.M-1. 
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AB In aqueous polyethylene glycol/dextran two-phase systems, the 

hydrophobicity, free volume, surface tension, and interfacial tension of 
the phases in equilibrium were measured as a function of pH and ionic 
strength. These parameters were found to change with pH, but the pattern 
and magnitude cannot explain the unusual partition of charged 
macromolecules, observed previously. The electrostatic potential 
difference was determined by a new experimental approach based on the 
measurement of the pH difference between the phases at equilibrium. In 
polyethylene glycol/dextran systems containing sodium chloride as ionized 
species, the electrostatic potential is not constant in the pH range 2 to 
11. The partition behavior of charged macromolecules and its 
dependence on pH can be explained by the combined action of charge and 
phase potential. This conclusion was tested with poly- L-glutamate, which 
partitioned as predicted and in a pattern opposite to positively 
charged macromolecules . 

AB ... glycol/dextran systems containing sodium chloride as ionized 

species, the electrostatic potential is not constant in the pH range 2 to 
11. The partition behavior of charged macromolecules and its 
dependence on pH can be explained by the combined action of charge and 
phase potential. This conclusion was tested with poly- L-glutamate, which 
partitioned as predicted and in a pattern opposite to positively 
charged macromolecules. 
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AB Isolated xylem cell wall pieces were applied as membranes in ion diffusion 
experiments. The cell walls were isolated from tomato internodes 
(Lycopersicon e'sculentum Mill, cv. Tiny Tim) and sealed in a 
two -compartment diffusion system. In flux and adsorption calculations, the 
cell wall was regarded as a leaky membrane with parallel fluxes through 
Donnan Free Space (DFS) and Water Free Space (WFS) . During the experiments 
absorption into and diffusion across the walls was determined of Cd2 + , 
applied as 115Cd(N03)2. Flux experiments with 82Br~ indicated that 
excluded volume effects and path tortuosity resulted in apparent WFS 
diffusion coefficients in the walls which were 0.012 times as high as in 
water. The free proton concentration in the DFS was shown to be related to 
a complex formation between fixed charges and Cd2+. The cell wall 
permeability for Cd2 + and N03- varied with applied and absorbed 
concentrations, and the Cd2+ flux curve showed an inflexion point 
coinciding with a buffered degree of dissociation of fixed charges 
in the DFS. The necessary coupling of fluxes of opposite 
charges resulted in relatively high N03- and small Cd2 + 

permeability of the DFS for strongly diluted solutions (P = 10-4 m s-1 and 
10-11 m s-1 for N03- and Cd2+ respectively) . The results 

demonstrate the possible regulatory effects of the cell wall in processes 
of ion transfer from xylem vessels, or ion uptake in plant tissues. 
AB absorbed concentrations, and the Cd2+ flux curve showed an 

inflexion -point coinciding with a buffered degree of dissociation of fixed 
charges in the DFS. The necessary coupling of fluxes of 
opposite charges resulted in relatively high N03 - and 

small Cd2+ permeability of the DFS for strongly diluted solutions (P = 
10-4 m s-1 and 10-11 m s-1 for N03- and Cd2 + respectively) . The 
results demonstrate the possible regulatory effects of the cell wall in 
processes. 
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AB The amino acid sequence in the triplet region of the .alpha. 1 chain of ^ 
collagen was analyzed for complementary relationships that would explain 
the stagger of multiples of 67 0. ANG . between the rod like molecules in 
the fibril. The analysis was done by moving the sequence of 1011 amino 
acids past itself and scoring for complementarity between opposing amino 
acids allowing a range of .+-.2 to 3 residues. It was found that 
interactions between amino acids of opposite charge 

and between large hydrophobic amino acids in the overlapping region 
between two chains are maximal when the chains are staggered by 0D, ID, 
2D, 3D and 4D, where D = 234 .+-. 1 residues. The residue repeat derived 



from this value is 2.86 .+-. 0.02 . ANG. . The existence of a D separation 
between interacting residues was shown to be reflected in the actual 
distribution of large hydrophobic amino acids. Surprisingly, the 
distribution approximates the pattern (2D/11) 5 (D/ll) 

repeated over 4 . 4D intervals. The regularity may arise from structural 
constraints imposed by supercoiling . The distribution of charged residues 
is less regular and does not show a well defined periodicity. However, 
positively charged residues tend to be near negatively charged residues, 
allowing intramolecular charge neutralization as well as strong 
intermolecular charge interactions at 0D. 
AB ... opposing amino acids allowing a range of .+-.2 to 3 residues. It 
was found that interactions between amino acids of opposite 
charge and between large hydrophobic amino acids in the 
overlapping region between two chains are maximal when the chains are 
staggered. . . was shown to be reflected in the actual distribution of 
large hydrophobic amino acids. Surprisingly, the distribution approximates 
the pattern (2D/11) 5 (D/ll) repeated over 4.4D 

intervals. The regularity may arise from structural constraints imposed by 
supercoiling. The distribution of charged residues is. 
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AB Self -assembling complexes from nucleic acids and synthetic polymers are 
evaluated for plasmid and oligonucleotide (oligo) delivery. Polycations 
having linear, branched, dendritic, block- or graft copolymer 
architectures are used in these studies. All these molecules bind to 



nucleic acids due to formation of cooperative systems of salt bonds 
between the cationic groups of the polycation and phosphate groups of the 
DNA, To improve solubility of the DNA/polycation complexes, cationic block 
and graft copolymers containing segments from polycations and non- ionic 
soluble polymers, for example, poly (ethylene oxide) (PEO) were developed. 
Binding of these copolymers with short DNA chains, such as oligos, results 
in formation of species containing hydrophobic sites from neutralized 
DNA-polycation complex and hydrophilic sites from PEO. These species 
spontaneously associate into polyion complex micelles with a hydrophobic 
core from neutralized polyions and a hydrophilic shell from PEO. Such 
complexes are very small (10-40 nm) and stable in solution despite 
complete neutralization of charge. They reveal significant activity with 
oligos in vitro and in vivo. Binding of cationic copolymers to plasmid DNA 
forms larger (70-200 nm) complexes, which are practically inactive in cell 
transfection studies. It is likely that PEO prevents binding of these 
complexes with the cell membranes ('stealth effect"). However 
attaching specific ligands to the PEO-corona can produce 

complexes, which are both stable in solution and bind to target cells. The 
most efficient complexes were obtained when PEO in the cationic copolymer 
was replaced with membrane -active PEO-b-poly (propylene oxide) -b-PEO 
molecules (Pluronic 123) . Such complexes exhibited elevated levels of 
transgene expression in liver following systemic administration in mice. 
To increase stability of the complexes, NanoGel (TM) carriers were 
developed that represent small hydrogel particles synthesized by 
cross-linking of PEI with double end activated PEO using an 
emulsif ication/solvent evaporation technique. Oligos are immobilized by 
mixing with NanoGel (TM) suspension, which results in the formation of 
small particles (80 nm) . Oligos incorporated in NanoGel are able to reach 
targets within the cell and suppress gene expression in a 
sequence-specific fashion. Further, loaded NanoGel particles 
cross-polarized monolayers of intestinal cells (Caco-2) suggesting 
potential usefulness of these systems for oral administration of oligos. 
In conclusion the approaches using polycations for gene delivery for the 
design of gene transfer complexes that exhibit a very broad range of 
physicochemical and biological properties, which is essential for design 
of a new generation of more effective non-viral gene delivery systems. 
AB cell transfection studies. It is likely that PEO prevents binding 

of these complexes with the cell membranes ('stealth effect'). However 
attaching specific ligands to the PEO-corona can produce 

complexes, which are both stable in solution and bind to target cells. The 
most efficient. 
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AB An octadecyl -sulfonated silica (ODSS) stationary phase specially designed 
for performing capillary electrochromatography (CEC) at relatively strong 
electroosmotic flow (EOF) proved useful for the separations of some 
nucleosides and bases. The ODSS stationary phase is composed of a 
hydrophilic, negatively charged sublayer to which a nonpolar top layer 
containing octadecyl ligands is covalently attached. 
The charged sublayer contains sulfonic acid groups which ensure a 
relatively strong EOF. Due to the presence of permanently charged sulfonic 
acid groups in the sublayer, the hydrophilic nature of the sublayer and 
the hydrophobic character of the top octadecyl layer, retention and 
selectivity of charged and relatively polar nucleosides and bases on. the 
ODSS stationary phase are based on electrostatic interaction, hydrophilic 
interaction, and reversed-phase mechanisms. This yielded for the ODSS 
stationary phase a unique selectivity towards the nucleosides and bases, 
thus allowing their rapid separation. To gain insight into the 
chromatographic behavior of nucleosides and bases on the ODSS stationary 
phase, the results were compared to those obtained on an octadecyl-silica 
(ODS) capillary under otherwise the same elution conditions. Due to the 
difference in the nature of the organic layers on the surface of the ODSS 
and ODS stationary phases, the elution order on both stationary phases 
differed significantly, and the ODSS capillary proved more suitable for 
the separation of' the nucleosides and bases than the ODS capillary. 

AB ... The ODSS stationary phase is composed of a hydrophilic, 

negatively charged sublayer to which a nonpolar top layer containing 
octadecyl ligands is covalently attached. The charged 

sublayer contains sulfonic acid groups which ensure a relatively strong 
EOF. Due to the presence of permanently charged. 
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AB The FastTag(TM) Nucleic Acid Labeling System couples 
haptens, f lourochromes or affinity ligands to any 
nucleic acid by attaching a universal, photo- 

or heat-activatable moiety to which any sulf Itydrylreactive compound can 
be linked. To demonstrate the versatility of the FastTag system, we have 
labeled DNA, RNA and oligonucleotide probes with a variety of 
maleimide-coupled moieties and have used these probes in several 
applications. In Southern hybridization analyses, RNA probes labeled using 
FastTag FL (fluorescein) detected 0.04 pgof target DNA. Human satellite 
DNA clones labeled using FastTag FL or FastTag Biotin detected the 
corresponding sequences in human chromosome spreads and interphase nuclei 
by fluorescence in situ hybridization. An antisense oligonucleotide probe 
cocktail complementary to human proinsulin transcripts labeled using 
FastTag DNP (dinitrophenyl) detected, in situ, the appropriate transcripts 
in pancreatic tissue sections. Oligonucleotide primers labeled with 
FastTag FL were used to PCR-amplify a genomic DNA fragment, which was then 
detected immunologically. Finally, we discurs how DNA labeled with FastTag 
Fucose can be bound to a fucose -binding affinity matrix and eluted under 
mild conditions. 

TI FastTag (TM) nucleic acid labeling system: A versatile 

method for incorporating haptens, fluorochromes and affinity ligands into 
DNA, RNA and oligonucleotides. 

AB The FastTag (TM) Nucleic Acid Labeling System couples 
haptens, f lourochromes or affinity ligands to any 
nucleic acid by attaching a universal, photo- 

or heat-activatable moiety to which any sulf Itydrylreactive compound can 
be linked. To demonstrate the versatility of the. 
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AB This paper reports on the combined NMR-molecular mechanics computational 
studies of the solution structure of the { ~ ) -cis -anti- [BP] dG adduct 
positioned opposite dC in the sequence context d (C1-C2 -A3 -T4 -C5- [BP] G6-C7 - 
T8-A9-C10-C11) .cntdot .d(G12-G13-T14-A15-G16-C17-G18-A19-T20-G21-G22) 
duplex [designated (-) -cis-anti- [BP] dG. cntdot .dC 11-mer duplex] . This 
adduct is derived from cis addition at C10 of ( - ) -anti -7 (S) , 8 (R) -dihydroxy- 
9(R), 10 (S)- epoxy-7, 8, 9, 10 -tetrahydrobenzo [a] pyrene [ ( - ) -anti -BPDE] to 
the N2 position of dG6 in this duplex sequence. The exchangeable and 
nonexchangeable protons of the behzo [a] pyrenyl moiety and nucleic 
acid of the major conformation were assigned following analysis of 
two-dimensional NMR data sets in H20 and D20 solution. There was a general 
broadening of proton resonances for a three- nucleotide segment centered 
about the lesion site which resulted in a tentative assignment for the 
sugar protons of the C7 residue in the spectrum of the adduct duplex. The 
solution conformation of the major conformation of the 
(-) -cis-anti- [BP] dG . cntdot . dC 11-mer duplex has been determined by 
incorporating DNA -DNA and intermolecular BP -DNA proton-proton distances 
defined by lower and upper bounds deduced from NOESY data sets as 
restraints in molecular mechanics computations in torsion angle space. The 
results establish that the covalently attached benzo [a] pyrenyl ring 
intercalates between intact Watson-Crick dC5 . cntdot . dG18 and 
dC7 . cntdot .dG16 base pairs. The modified deoxyguanosine [BP] -dG6 and its 
partner cytosine dC17 are looped out of the helix into the major groove. 
The purine ring of the [BP] dG6 residue is directed toward the 5 ' -end of 
the modified strand and stacks over the major groove edge of its 5' -side 
neighbor dC5 residue. The solution structure of the ( - ) -cis-anti- 
[BP] dG. cntdot .dC 11-mer duplex is compared with those of the 
stereoisomeric (+) -trans -anti- [BP] dG [Cosman, M . , et al . (1992) Proc . 
Natl. Acad. Sci. U.S.A. 89, 1914-1918], ( - ) -trans -anti - [BP] dG [de los 
Santos, C, et al. (1992) Biochemistry 31, 5245-5252], and 
( + ) -cis-anti- [BP] dG [Cosman, M . , et al . (1993a) Biochemistry 32, 
4146-4155] adducts positioned opposite dC in the same duplex sequence 
context. A key finding is that the long axes of the intercalated 
benzo [a] pyrenyl rings in the solution structures of the (+) - and 



(-) -cis-anti- [BP]dG.cntdot.dC 11-mer duplexes are oriented in opposite 
directions with the benzylic ring directed toward the minor groove in the 
(+) -cis isomer and toward the major groove in the (-)-cis isomer. In 
addition, a comparison is also made with the solution structure of the 
(+)- trans-anti- [BP] dG adduct opposite a deletion site [Cosman, M., et al . 
(1994a) Biochemistry 33, 11507-11517] since this adduct duplex displays 
several conformational features in common with the structure of the 
(-) -cis-anti- [BP] dG.cntdot.dC 11-mer duplex. The structures of both 
duplex adducts exhibit intercalation of the covalently attached 
ligand into the helix and displacement of the modified 

deoxy guano sine into the major groove. Studies of the biological activities 
of stereochemically defined BP-DNA adducts and the comparison of the 
solution structure of the (-) -cis-anti- [BP] dG. cntdot . dC 11-mer duplex with 
its stereoisomeric counterparts should lead to new insights into the 
relationships between defined helical distortions and mutagenic 
specificity and activity. 
AB ... to the N2 position of dG6 in this duplex sequence. The 

exchangeable and nonexchangeable protons of the benzo [a] pyrenyl moiety and 
nucleic acid of the major conformation were assigned 
following analysis of two-dimensional NMR data sets in H20 and D20 
solution. There was. . . with the structure of the ( - ) -cis-anti- 
[BP] dG.cntdot.dC 11-mer duplex. The structures of both duplex adducts 
exhibit intercalation of the covalently attached ligand 

into the helix and displacement of the modified deoxyguanosine into the 
major groove. Studies of the biological activities of stereochemically. 
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AB 5' tritylated oligonucleotides binding hydrophobically to low trityl 
cellulose/sepharose ( <15 . mu .MTr/ml ) retain their hydrogen-bonding 
specificities for complementary sequences. This, constitutes a novel mode 
of attaching affinity ligands to solid supports, is 

more convenient than existing methods, and proceeds with 10 0% yield. The 
salt, dielectric constant and temperature dependance of these 
non-covalently anchored ligands permits the isolation of a variety of RNAs 
including fibroin mRNA. Medium trityl sepharose (15-40. mu.M Tr/ml) has a 
high binding specificity for poly A and poly A containing mRNA, equivalent 
to dT cellulose. Most proteins, including nucleic acid 
enzymes, bind to these columns and retain enzymatic activity, thus 
mimicking enzymes attached covalently to solid phases. A number of in vivo 
counterparts to this hydrophobically determined specificity are noted, as 
are homologies to nitro-cellulose filters. 
AB binding hydrophobically to low trityl cellulose/sepharose 

(<15 .mu. MTr/ml) retain their hydrogen -bonding specificities for 
complementary sequences. This, constitutes a novel mode of 
attaching affinity ligands to solid supports, is more 

convenient than existing methods, and proceeds with 100% yield. The salt, 
dielectric constant and temperature. . . has a high binding specificity 
for poly A and poly A containing mRNA, equivalent to dT cellulose. Most 
proteins, including nucleic acid enzymes, bind to 

these columns and retain enzymatic activity, thus mimicking enzymes 
attached covalently to solid phases. A number of. 
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